Purpose We investigated the surface characteristics and vascular patterns of colorectal tumors according to growth type by means of magnifying narrow-band imaging (NBI). Methods Four hundred ninety-seven colorectal tumors larger than 10 mm (204 tubular adenomas [TAs], 199 frankly invasive intramucosal carcinomas to shallow invasive submucosal [M/SM-s] carcinomas, and 94 deeply invasive submucosal [SM-d] carcinomas) were analyzed. These colorectal tumors were classified according to growth type as follows: polypoid type, n0224; laterally spreading tumorgranular (LST-G) type, n0133; and LST-non-granular (LST-NG) type, n0140. Surface and vascular patterns were evaluated in relation to histology and growth type. Results The absent and irregular surface patterns were observed in approximately 40 % of the SM-d carcinomas of the polypoid and LST-G type. The unclear surface pattern was more frequent in tumors of the LST-NG type than in those of other growth types, regardless of histology. Among TAs and M/SM-s carcinomas, the dense vascular pattern was most frequent in polypoid type, the dense and corkscrew vascular patterns were most frequent in the LST-G type, and the honeycomb and avascular and/or fragmentary patterns were most frequent in the LST-NG type. The avascular and/or fragmentary vessel pattern was more frequent in SM-d carcinomas than in TA and M/SM-s carcinomas, regardless of growth type.
Introduction
Numerous recent studies have shown the usefulness of magnifying narrow-band imaging (NBI) magnifying observation for portions of the digestive system, mainly the pharynx [1] , esophagus [2] [3] [4] , stomach [5, 6] , and colon . Since 2010, the national health insurance in Japan has covered the costs of NBI magnifying observation as a therapeutic procedure for disorders of the digestive system. With respect to the colon in particular, NBI magnifying observation is useful for discriminating between neoplastic and non-neoplastic lesions [7] [8] [9] [10] [11] [12] [13] [14] , detection of colorectal polyps [11, [15] [16] [17] [18] [19] , invasion depth diagnosis of tumors [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , and surveillance of ulcerative colitis [30] . However, some studies have suggested that NBI magnifying observation is not effective for detection of colorectal neoplasia [31] [32] [33] [34] [35] . Thus, even now effectiveness of NBI for detection of colorectal neoplasia has been controversial.
At present, various NBI magnifying observation-based classifications have been proposed in Japan for invasion depth diagnosis of colorectal tumors [20] [21] [22] [26] [27] [28] ; however, it has gradually become clear that colorectal tumors are difficult to diagnose invasion depth on the basis of microvascular findings alone. We have insisted on the importance of surface patterns, and surface patterns have attracted the attention of a number of researchers in recent years. Surface patterns obtained by NBI are diagnostic extensions of the pit patterns [36] [37] [38] [39] obtained by conventional magnifying chromoendoscopy. NBI international colorectal endoscopic classification system (NICE Classification) that incorporates surface patterns is considered has recently been proposed and studied [40] [41] [42] .
Colorectal tumors vary greatly in macroscopic, histologic, and growth types. Because various vascular and surface patterns exist in relation to these variations, diagnosis by means of NBI magnifying observation is complicated. Thus, we investigated vascular and surface patterns observed under magnifying NBI in relation to both tumor histology (tubular adenoma Table 1 ).
Methods

Lesions
Four hundred ninety-seven colorectal lesions (483 patients) were analyzed. The lesions were all larger than 10 mm and were completely resected en bloc after NBI magnifying observation at the Department of Endoscopy, Hiroshima University Hospital, between January 2004 and March 2010 (Table 2) . ESD, EMR, and polypectomy were applied to 112, 262, and 56 lesions, respectively. Other lesions were resected by surgery. The mean (±SD) diameter of these lesions was 25.81±14.5 mm. Of the 497 lesions, 224 were of the polypoid growth type (TA074, M/SM-s094, and SM-d056), 133 were of the LST-G growth type (TA063, M/SM-s062, and SM-d08), and 140 were of the LST-NG growth type (TA067, M/SM-s043, and SM-d030). NBI magnifying findings obtained before resection and growth type of the resected lesions were investigated in relation to histology and invasion depth.
LSTs were classified according to the consensus definition of the Kyoto Workshop [43] . The lesions were diagnosed histologically in accordance with the World Health Organization criteria by a pathologist who was blinded to the endoscopic findings [44] . A carcinoma with submucosal invasion of 1,000 μm or less was defined as an SM-s carcinoma, and a carcinoma with invasion of more than 1,000 μm was defined as an SM-d carcinoma, as described previously [45] [46] [47] . The depth of submucosal invasion was measured according to General Rules for Clinical and Pathological Studies on Cancer of the Colon, Rectum and Anus from the Japanese Society for Cancer of the Colon and Rectum [47] . Clinically, SM carcinoma is divided into shallow or deep invasion. "One thousand μm or less" and "deeper than 1,000 μm" invasion depth in this study nearly corresponds to "shallow" and "deep" SM invasion depth in Western countries, respectively [48] .
Colonoscopic examination
Colonoscopic examination was performed with a magnifying videoendoscope (CF-H260AZI; Olympus Optical, Tokyo, Japan), a standard optical videoendoscopic system (LUCERA; Olympus Optical), two light sources, and a digital image filing system. One light source was used for a standard optical filter (broadband), and the other was used for the NBI system.
The study was conducted with full approval from the ethics committee of Hiroshima University Hospital, and informed consent was obtained from all patients.
NBI magnifying findings
Surface patterns
As described previously [40, 41] , the surface of colorectal tumors is structured and consists of pits and marginal crypt epithelium that can be categorized according to the conventional pit pattern classification system. Surface patterns of the lesions in our study cases were identified by setting the surface enhancement to A7-8. The surface patterns were classified as regular, irregular, unclear, or absent, based on the surface structure (Fig. 1) . The pattern was classified as regular when it was clear, regular, and homogeneous. The pattern was classified as irregular when it was irregular and heterogeneous. The pattern was classified as absent when it had disappeared and no structure was observed. The pattern was classified as unclear when it was vague and could not be clearly judged.
Vascular patterns
As described previously [40, 41] , the classification of vascular patterns as either regular or irregular is complicated because many elements are involved. Therefore, in this study, we classified the vascular patterns as dense, honeycomb, caliber irregularity, corkscrew, shaggy, heterogeneous, or avascular and/or fragmentary on the basis of characteristic findings (Fig. 2 ). The vascular pattern was classified as dense when the entire interfoveolar epithelium between pits was brown. The honeycomb classification was used when honeycomb-shaped microvessels encompassed the pit orifice. The caliber irregularity classification was used when microvessel diameters were not uniform. The corkscrew classification was used when the microvessels were twisted into a corkscrew shape. The shaggy pattern indicated that the outline of the microvessels was shaggy. The heterogeneous pattern indicated heterogeneous distribution of microvessels in the lesion. The avascular and/or fragmentary pattern indicated absence of recognizable microvessels, existence of avascular regions, and/or dispersion of fragmentary microvessels. It is possible for more than one of these seven basic pattern types to be observed, so we noted the most predominate types.
Statistical analysis
Frequencies of surface and vascular observed by magnifying NBI were determined per histologic type and tumor growth type. Differences were evaluated by χ 2 test with Bonferroni correction. Significance was accepted at p<0.05.
Results
Relation between surface patterns and growth types per histologic type Growth types of TAs are shown in relation to surface patterns in Table 3 . Of the 204 TAs, 74, 63, and 67 were of the polypoid, LST-G, and LST-NG growth types, respectively. Of the 74 polypoid TAs and 63 LST-G TAs, 62 (83.8 %) and 47 (74.6 %), respectively, showed the regular surface pattern; i.e., a strong majority of TAs showed the regular pattern. Of the 67 LST-NG TAs, 31 (46. Relations between vascular patterns and growth types per histologic type Growth types of TAs are shown in relation to vascular patterns in Table 6 . Of the 74 polypoid TAs, 36 (48.6 %) showed the dense vascular pattern, but only 5 (6.8 %) and 6 (8.1 %) TAs showed any other vascular pattern (corkscrew and heterogeneous, respectively). Of the 63 LST-G type TAs, 32 (50.8 %) and 28 (44.4 %) showed the dense and corkscrew patterns, respectively. These numbers were significantly high. Of the 67 LST-NG TAs, 39 (58.2 %) showed the honeycomb pattern. The number of lesions with a definite vascular pattern was largest in the LST-NG group. Although no polypoid or LST-G showed the avascular and/ Growth types of SM-d carcinomas are shown in relation to vascular patterns in Table 8 . The number of SM-d 
Discussion
Recently, considerable progress has been made in characterizing colorectal tumors by NBI magnifying observation [20] [21] [22] [23] [24] [25] [26] [27] . Because colorectal tumors show various growth types and histologic characteristics, many cannot be analyzed by using a simple classification system that is based on only one specific set of features. This is one reason why diagnosis of colorectal tumors by magnifying NBI is difficult. To compare colorectal tumors of different growth types on the basis of the adenoma-carcinoma sequence [41] , we examined LSTs (superficial spreading tumors) larger than 10 mm and polypoid tumors larger than 10 mm. Recently, sessile serrated adenoma/polyp (SSA/P) and serrated adenoma developing via the serrated pathway have drawn attention to the growth and development of colorectal carcinomas. However, because SSA/P and serrated adenoma have an unusual histogenesis and histologic architecture, they were not included in this study. NBI magnification revealed that the surface and vascular patterns of colorectal tumors differ according to the growth type. In particular, for both adenomas and M/SM-s-stage tumors, characteristics of the LST-NG-type tumors differ from those of the polypoid and LST-G types. A difference in background molecular pathology has been reported between LST-G and LST-NG colorectal tumors, and the background molecular pathology of the LST-G type is reported to be similar to that of the polypoid type [49] . This difference may explain the results of our study. In the adenoma and M/SM-s stages, the unclear pattern or various other patterns were observed in many cases under NBI magnification of colorectal tumors of the LST-NG type. Therefore, unlike the polypoid and LST-G types, the LST-NG type was difficult to characterize by using only NBI magnification.
NBI magnifying diagnosis can be achieved without dye and at low cost. Because NBI is a simple one-touch operation, NBI magnifying examination can shorten the time required for diagnosing colorectal tumors. We suggest that NBI magnifying diagnosis should replace conventional pit pattern-based diagnosis achieved by magnifying chromocolonoscopy. In the case of LST-NG-type tumors, when NBI magnifying findings are uncertain, conventional pit pattern assessment via magnifying colonoscopic observation should be performed without question. Because colorectal tumors of the SM-d stage showed characteristic surface and vascular patterns under magnifying NBI, regardless of growth type, NBI magnifying diagnosis of these tumors should prove to be easily achieved.
Until now various classifications or evaluation ways have been reported, however, most of these never revealed the difference of NBI magnifying findings based on each morphology or growth type. In this study it was clarified that there are different characteristics of NBI magnifying findings in each morphology or growth type including histology/invasion depth. The understanding of these findings can be helpful in characterization of each colorectal tumor in order to select the management strategy such as follow-up, endoscopic treatment or surgery.
In conclusion, we analyzed both surface and vascular patterns of TA, M/SM-s, and SM-d carcinomas larger than 10 mm by detailed NBI magnifying observation, and showed that the characteristics of colorectal tumors of the LST-NG type differ from those of the polypoid and LST-G types. In daily practice, NBI magnifying observation can be used effectively for the characterization of various types of colorectal tumor by determining whether the focus should be placed on surface pattern or vascular pattern for each growth type of tumor.
